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Specification 

1. Title of the Invention 

SURFACE ACOUSTIC WAVE DEVICE 

2. Claim 

(1) A surface acoustic wave device, characterized by 
using as a piezoelectric substance a crystal that is a rotation 
Y-cut crystal and has the rotation angle set to 28°±5° relative 
to a Y-axis and the surface acoustic wave propagation direction 

set to ±(43°±3°) relative to an X-axis. 

3. Detailed Description of the Invention 

The present invention relates to a surface acoustic wave 
device that uses a crystal as a piezoelectric substance. 

In a surface acoustic wave device, the following 
structure thereof has heretofore been popularized as shown in 
Fig. 1. That is, two comb-like electrodes 2 and 3 are disposed 
on a piezoelectric substrate 1. An electrical signal is 
applied to one comb-like electrode 2 and thus converted into 
a surface acoustic wave, and the electrical signal is taken 
from the other comb-like electrode 3. In this case, a 
piezoelectric substance of the related-art surface acoustic 
wave device uses LiNb0 3 , LiTa0 3 , a crystal, or the like. 

However, these piezoelectric substances have the 
following disadvantages. That is, LiNb0 3 and LiTa0 3 have a 
high electromechanical coupling coefficient, but have a high 



delay time temperature coefficient of 80 ppm/°C and 20 ppm/°C, 
respectively. Besides, although having a low 

electromechanical coupling coefficient, the crystal has a low 
temperature coefficient. Particularly, an ST-cut crystal is 
known as having a zero temperature coefficient as Fig. 2 shows 
its temperature characteristic. However, as can be seen from 
Fig. 2, the temperature width in which the delay time change 
rate is 10 ppm or lower is about 38°C, which is not wide. 
Accordingly, the crystal has the disadvantage that it cannot 
satisfy the demand of the latest high-reliability device. 

Thereupon, the invention aims at providing a surface 
acoustic wave device that eliminates these disadvantages and 
that has very satisfactory temperature characteristics. That 
is, the invention uses a crystal substrate as a piezoelectric 
substrate configuring the surface acoustic wave device, thus 
providing a cut orientation of the crystal substrate and a 
propagation direction of a surface acoustic wave having a 
temperature width of 58°C at a delay time change rate of 10 
ppm or lower. 

The invention will hereinafter be specifically 
described using the drawings. 

First, Euler angles are often used to discuss the 
characteristics of a substrate having anisotropy such as of 
a crystal. The Euler angles have a right-hand and left-hand 
indication, and the right-hand Euler angles (((>, G, and v|/) are 
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used here as shown in Fig. 3. In this figure, X-, Y-, and Z-axe.s 
are the crystal axes of the crystal. The angle <J> is a first 
rotation angle, which is an angle formed by rotating a cut 
surface from the X-axis, and a second rotation angle 0 is an 
angle formed by rotating the cut surface from the Z axis. 
Furthermore, a third rotation angle \\f is an angle indicative 
of the propagation, direction of a surface acoustic wave on the 
cut-out surface of a crystal substrate. Accordingly, the 
characteristics of the surface acoustic wave that travels in 
an arbitrary direction on the crystal substrate with an 
arbitrary cut orientation can be discussed by using these three 

angles (|), 0, and \|/. 

In the meantime, since the material constant of the 

crystal is already obtained, when the Euler angles <j>, 0, and 
vj/ are given, then it is possible to theoretically calculate 
the propagation speed, electromechanical coupling coefficient, 
temperature characteristic, and the like of the surface 
acoustic wave. Here, when the relationship between the angles 
0 and \|/ at which the delay time temperature coefficient of the 
surface acoustic wave becomes zero at a temperature of 20°C 
is obtained when <t> = 0°, such a relationship is formed as in 
the curve shown in Fig. 4. In this figure, a point ST is a 
point indicative of an ST-cut crystal which has heretofore been 
in use. As can be seen from this figure, there exist many cuts 
that exhibit a zero temperature coefficient at 20 °C. However, 



even if the zero temperature coefficient is exhibited at 20 
°C, *it is not clear from this figure whether or not the 
temperature characteristic is excellent throughout a wide 
temperature range. A separate theoretical study has been made 
on this respect. Furthermore, the magnitude of the 
electromechanical coupling coefficient and a power flow angle 
(angle indicative of the difference between a phase speed and 
an energy speed) are also important factors in selecting the 
substrate. Thereupon, as a result of a comprehensive study 
on all these, it is revealed that the crystal substrate in the 
vicinity of a point A of Fig. 4 has an extremely excellent 
temperature characteristic as compared with the ST-cut crystal 
and also becomes on the same order of the magnitude of the 
electromechanical coupling coef f icient as the ST-cut crystal. 
Besides, in Fig. 4, a point A' is a point that exhibits quite 
the same characteristic as the point A due to crystal symmetry. 

Next, to show these characteristics by a diagram, Fig. 
5 shows a theoretical value of the temperature characteristic 
of the crystal substrate in the vicinity of the point A of Fig. 
4 and an experimental value thereof obtained by actually 
measuring a surface acoustic wave device such as shown in Fig. 
1. The theoretical value is obtained by changing the in-plane 
rotation angle v|/. The surface acoustic wave device is 
fabricated by cutting a crystal substrate on condition that 
9 = 118°C and \\f = 42.3° and 42.7°. As can easily be seen by 
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comparing this diagram of the invention with Fig. 2 showing 
the characteristic of the ST-cut of the related art, the crystal 
substrate of the invention is very excellent at the temperature 
characteristic as compared with the ST-cut of the related art. 
For example, to compare them in terms of the temperature range 
in which the temperature characteristic of the delay time 
change rate is 10 ppm or lower, the ST-cut of the related art 
has a temperature width of 38°, while the crystal substrate 
of the invention has a temperature width of 58°. Besides, the 
electromechanical coupling coefficient of a crystal substrate 
of this cut is 0.0018 (experimental value) , and the power flow 

angle thereof is 2° (theoretical value) . 

Fig. 6 is an example of an insertion loss/ frequency 
characteristic of the surface acoustic wave device fabricated. 
As can be seen from this figure, a device using the crystal 
substrate of this cut also has a small spurious signal and thus 
has satisfactory characteristics. 

Furthermore, according to various studies, it is 
recognized that the characteristics of the crystal substrate 
of the invention are more excellent than those of the ST-cut 
of the related art as long as the angles 0 and v|/ have ranges 
of 118°±5° and ±(43°±3°), respectively. 

Additionally, the cut orientation and propagation 
direction of the crystal are designated by the Euler angles 
(<|>, 9, and v|/) shown in Fig. 3, but the invention can be indicated 
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as follows by different terms. That is, the surface acoustic 
wave device is characterized in that the surface acoustic wave 
is propagated in the direction of ±(43°±3°) from the X-axis on 
a 28°±5° rotation Y-cut crystal substrate. 

As is apparent from the above description/ according to 
the invention, the surface acoustic wave device having a more 
excellent temperature characteristic than that of the prior 
art can be realized, and therefore is carried out to produce 
substantial effects. 

4. Brief Description of the Drawings 

Fig. 1 is a perspective view showing an example of a . 
surface acoustic wave device forming the basis of the invention 
which is used to describe the invention; 

Fig. 2 is a graph showing a temperature characteristic 
of an ST-cut crystal substrate of the related art; 

Fig. 3 is an illustration showing a definition of 
right-hand Euler angles that represent arbitrary direction 
angles of a crystal; 

Fig. 4 is a graph showing a trajectory of a zero 
temperature coefficient cut for indicating a cut of the crystal 
used in the surface acoustic wave device of the invention; 

Fig. 5 is a graph showing a theoretical value and 
experimental value of the temperature characteristic of the 
surface acoustic wave device of the invention; and 

Fig. 6 is a graph showing an example of an insertion 
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loss/frequency characteristic of the surface acoustic wave 
device of the invention. 

1 Piezoelectric Substrate 

2, 3 Comb-like Electrode 

Patent Applicant Shimizu Yasutaka 

Agent, Patent Attorney Murai Takashi 

[Fig. 2] 

DELAY TIME CHANGE RATE 

TEMPERATURE (°C) 
[Fig. 5] 

DELAY TIME CHANGE RATE 

TEMPERATURE [°C] 
[Fig. 6] 
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